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HIGH-THROUGHPUT GENE CLONING AND PHENOTYPIC SCREENING 

FIELD OF THE INVENTION 

The invention relates to the use of high-throughput methods for gene targeting, recombination, 
phenotype screening and biovalidation of drug targets utilizing enhanced homologous recombination 
(EHR) techniques. These methods utilize robotically driven single or multichannel pipetters to perform 
liquid, particle, cell and organism handling, robotically controlled plate and sample handling platforms, 
magnetic probes and affinity probes to selectively capture nucleic acid hybrids, and thermally 
regulated plates or blocks for temperature controlled reactions. 

BACKGROUND OF THE INVENTION 

The Genome Project has produced thousands of expressed sequence tags (EST), however, the 
bottleneck in functional genomics is the isolation of full-length gene clones and the determination of 
gene function. Functional genomics covers the study of the action and interaction of gene products 
and their targets, thereby providing clues to reveal the relationship between patterns of gene 
expression and its pathological or other phenotypical consequence in cells, tissues and organisms. 
However, conventional approaches to gene and phenotypic screening for biovalidation of drug targets 
are hampered by processes that are inherently slow labor intensive, low throughput. The limitations 
are encountered at every step of the process from gene cloning, target identification, phenotypic 
screening and small molecule bioassays to drug and phenotypic biovalidation in cells and animals. 

Homologous recombination (HR) is defined as the exchange of homologous or similar DNA 
sequences between two DNA molecules. As essential feature of HR is that the enzymes responsible 
for the recombination event can pair any homologous sequences as substrates. The ability of HR to 
transfer genetic information between DNA molecules makes targeted homologous recombination a 
very powerful method in genetic engineering and gene manipulation. HR can be used to add subtle 
mutations at known sites, replace wild type genes or gene segments or introduce completely foreign 
genes into cells. However, HR efficiency is very low in living cells and is dependent on several 
parameters, including the method of DNA delivery, how it is packaged, its size and conformation, DNA 
length and position of sequences homologous to the target, and the efficiency of hybridization and 
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Enhanced homologous recombination (EHR) technology (utilizing nucleoprotein filaments) increases 
the efficiency and specificity of homologous DNA targeting and recombination in living cells and 
targeting to native double-stranded DNA in solution and in situ by utilizing complexes of DNA, 
recombinase protein, and DNA targets. These EHR gene targeting reactions proceed via multi- 
5 stranded DNA hybrid intermediates formed between the nucleoprotein filaments (as complementary 
single-stranded DNA or cssDNA probes) and homologous gene targets. These kinetically-trapped 
multi-stranded hybrid DNA intermediates have been very well-characterized, are biologically active in 
enhancing homologous recombination and can tolerate significant heterologies, thus enabling the 
insertion of transgenes and the modification of host genes at virtually any selected site. 

10 

EHR methods and compositions have been used to target and alter substitutions, insertions and 
deletions in target sequences and are described; see U.S. application serial nos. 08/381634; 
08/882756; 09/301153; 08/781329; 09/288586; 09/209676; 09/007020; 09/179916; 09/182102; 
09/182097; 09/181027; 09/260624; 09/373,347; 09/306,749; 60/153,795; and internation application 
15 nos. US97/19324; US98/26498; US98/01825, all of which are expressly incorporated by reference in 
their entirety. 

Accordingly, it is an object of the invention to provide high-throughput methods for gene targeting, 
recombination, phenotype screening and biovalidation of drug targets utilizing EHR techniques. These 
20 methods utilize robotically driven multichannel pipetters to perform liquid, particle, cell and organism 
handling, robotically controlled plate and sample handling platforms, magnetic probes and affinity 
probes to selectively capture nucleic acid hybrids, and thermally regulated plates or blocks for 
temperature controlled reactions. 

25 SUMMARY OF THE INVENTION 

In accordance with the objects outlined herein, the present invention provides methods of cloning a 
target nucleic acid comprising providing an enhanced homologous recombination (EHR) composition 
comprising a recombinase; a first and a second targeting polynucleotide, and a separation moiety. 
30 The first polynucleotide comprises a fragment of the target nucleic acid and is substantially 

complementary to the second target polynucleotide. The EHR composition is contacted with a nucleic 
acid library under conditions wherein said targeting polynucleotides can hybridize to the target nucleic 
acid. The target nucleic acid is isolated; and at least one of these steps utilizes a robotic system. 

35 In an additional aspect, the methods further comprise making a library of nucleic acid variants of the 
target nucleic acid. These variants are then introduced into a target library and phenotypically 
screened. 

In a further aspect, the methods further comprise making a plurality of ceils comprising a mutant target 

3 
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Figure 2 depicts a flow chart outlining the automated, high-throughput gene cloning phenetyping and 
genotyping systems of the invention. 

DETAILED DESCRIPTION 

5 

The present invention is directed to the use of enhanced homologous recombination (EHR) 
techniques in combination with high-throughput microprocessor controlled robotic systems. The EHR 
technology enables the rapid generation of recombinants and alleviates the rate limiting bottlenecks in 
target-driven drug discovery. The recombinase-nucleic acid probes are designed to specifically bind 

10 to the target DNA sequence(s) and replace, insert or delete the designated nucleotide(s) within the 
gene or highly-relevant gene families. See U.S. application serial nos. 08/381634; 08/882756; 
09/301153; 08/781329; 09/288586; 09/209676; 09/007020; 09/179916; 09/182102; 09/182097; 
09/181027; 09/260624; 09/373,347; 09/306,749; 60/153,795; and international application nos. 
US97/19324; US98/26498; US98/01825, all of which are expressly incorporated by reference in their 

1 5 entirety. 

Previous work emphasized that the stringency of the recombinase-mediated homologous DNA 
targeting can be reduced by using nucleoprotein filaments formulated with degenerate probes and/or 
by reducing the stringency of the recombinase-mediated reaction. The average sequence derived 

20 from related sequences is called the consensus sequence, as further outlined below. Since Enhanced 
Homologous Recombination (EHR) can tolerate up to 30% mismatches between the between single- 
stranded DNA (ssDNA) probes and double-stranded DNA (dsDNA) molecules, cDNA probes that are 
directed to these consensus sequences can simultaneously target many members of a related gene 
family. The isolation of novel related genes by EHR cloning can be performed by using a single 

25 ssDNA probe species with a consensus sequence to a functional domain (homology motif tag (HMT)), 
by using probes with limited homology, or by using probes with degenerate consensus sequences. In 
addition, gene targeting with specific heterologies within the cssDNA probes allows for rapid gene 
targeting and cloning, generation of gene family specific libraries, and evolution of gene family 
members. Sequence analysis of the isolated cDNAs and genomic DNA allows diagnostic testing for 

30 single and multiple nucleotide polymorphisms, loss of heterozygosity (LOH), and other chromosomal 
abnormalities. 

EHR can be used to repair mutant genes, alter genes, or interrupt normal gene function to identify 
critical genes, gene products and pathways active in the cells and organisms by analyzing phenotypic 
35 changes and altered protein states and interactions. The gene and protein expression patterns, 

correlations and delayed correlations in model systems can be used to identify and verify the function 
and importance of key elements in the disease process. EHR is a powerful technique which can be 
used to repair genetic defects which cause or contribute to disease. EHR can be developed for use in 
diseases including hemophilia, cardiovascular disease, muscular dystrophy, cystic fibrosis and other 

5 
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genetically-based diseases. This technique is technically feasible and applicable within plant, animal, 
human, and bacterial cells. 

EHR has significant advantages over the conventional methods of random mutagenesis to generate 
5 genetic variants. The advantages of recombinase-mediated gene cloning and phenotyping are 1 .) 
increased efficiency of recombinant formation to allow the generation of a vast number of genetic 
variants; 2.) increased specificity of DNA targeting and recombination at the desired sites within the 
clone or gene in vitro, in living cells, and in situ, by utilizing complexes of ssDNA, recombinase protein, 
and dsDNA targets for homologous, non-random reactions; 3.) simultaneous targeting, cloning, and 
1 0 phenotyping of multiple gene family members; because the recombinases can tolerate up to 30% 

mismatches between the ssDNA probes and the dsDNA molecules, degenerate probes can be used, 
and the stringency of targeting can be reduced; 4.) multiple iterations of a modification/mutation can 
be tested. 

1 5 EHR has been successfully used to modify genes in cells and animals, including bacteria, plants, 
goats, zebrafish. and mice. These EHR gene targeting reactions proceed via multi-stranded DNA 
hybrid intermediates formed between the nucleoprotein filaments (as complementary single-stranded 
DNA [cssDNA] probes) and homologous gene targets. These kinetically-trapped multi-stranded hybrid 
DNA intermediates are very well-characterized, biologicafly active in enhancing homologous 
20 recombination and can tolerate significant heterologies, thus enabling the insertion of transgenes and 
the modification of host genes at virtually any selected site. Since cssDNA probes are generally 200- 
500 bp long, this method is useful for generating cssDNA probes starting from expressed sequence 
tags (ESTs), isolated exons or homologous sequence information. 

25 In addition. recA mediated cloning has been done; see Teintze et al.. Biochem. Biophys. Res. Comm. 
21 1(3):804 (1995) and Zhumabayeva et al.. Biotechniques 27:834 (1999); Rigas et al.. PNAS USA 
83:9591 (1986). both of which are expressly incorporated herein by reference. RecA has also been 
shown to promote rare sequencing searching; see Honigberg et al.. PNAS USA 83:9586 (1986). 
incorporated by reference. 
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Furthermore, there are a number of systems that have been described for high-throughput 
manipulation of biological systems; see U.S. Patent Nos. 5.843.656; 5.856.174; 5.500.356; 5.484.702; 
5.759.778; 6.020.187; 5.968.740; 5.962.272; and 6.017.696 and Shepard et al. Nucl. Acid. Res. 
25(15):31883 (1997). all of which are expressly incorporated by reference. 

This invention describes rapid automation of gene cloning methods that use complementary single- 
stranded DNA (cssDNA) molecules coated with recombinase proteins to efficiently and specifically 
target and isolate specific DNA molecules for applications such as DNA cloning; biovalidation of drug 
targets; DNA modification, including mutagenesis, gene shuffling and evolution; isolation of gene 
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families, orthologs, and paralogs; identification of alternatively spliced isoforms; gene mapping; 
diagnostic testing for single and multiple nucleotide polymorphisms; differential gene expression and 
genetic profiling; nucleic acid library production, subtraction and normalization; in situ gene targeting 
(hybribidization) in cells; in situ gene recombination in ceils and animals; high throughput phenotype 
5 screening of cells and animals; phenotyping small molecule compounds; screening for pharmaceutical 
drug regulators; and biovalidation of drugs in transgenic recombinant cells and animals. 

The automated, high-throughput technology facilitates the isolation of full-length cDNA clones, 
identification of functional domains, and validation of the selected sequences. The high-throughput 
10 automated analysis of the gene clones (cDNAs, genomic DNA, alternative splice forms, 

polymorphisms, gene family members) will provide informative analysis of the qualitative differences 
between expressed genes (gene profiling). Sequence analysis of the isolated cDNAs and genomic 
DNA allows diagnostic testing for single and multiple nucleotide polymorphisms, loss of heterozygosity 
(LOH), and other chromosomal abnormalities. 

15 

The technology can elucidate differences in gene families and mRNA spliced isoforms, and will 
provide information on the nature of the mRNA. Libraries of clones obtained at the end of the process 
will mimic the difference between normal and genetic disorders (or between any differential event). 
These libraries can be used to screen for genetic signatures and the technology can elucidate precise 
20 potential domains of therapeutic intervention within coding sequences of the gene, including catalytic 
domains (ie, kinases, phosphatases, proteases), protein-protein interaction domains, truncated 
receptors and soluble receptors. 

The methods of the invention can be briefly described as follows. Gene cloning comprising the rapid 
25 isolation of cDNA clones is facilitated by taking advantage of the catalytic function of the RecA 

enzyme, an essential component of the E. coli DNA recombination system, which promotes formation 
of multi-stranded hybrids between ssDNA probes and homologous double-stranded DNA molecules. 
The targeting of RecA-coated ssDNAs to homologous sequences at any position in a duplex DNA 
molecule can produce stable D-loop hybrids. The probe strands in the D-loop are stable enough to 
30 be manipulated by conventional molecular biology procedures. The stability of these deproteinized 
multi-stranded hybrid molecules at any position in duplex molecules allows the application of D-loop 
methods to many different dsDNA substrates, including duplex DNA from cDNA, genomic DNA, or 
YAC, BAC or PAC libraries. Recombinase coated biotinylated-probes are targeted to homologous 
DNA. molecules and the probe:target hybrids are selectively captured on streptavidin-coated magnetic 
35 beads. The enriched plasmid population is eluted from the beads, precipitated, resuspended, and 
used to transform bacteria or the cells. The resulting colonies are screened by PCR and colony 
hybridization to identify the desired clones. Using this method over 100,000 fold enrichment of the 
desired clones can be achieved. Furthermore, one the target sequence is cloned, large numbers of 
variants can be easily generated, again using EHR techniques. These variants can be screened in a 
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replicated in that host cell; for example, a virus genome polynucleotide that enters a cell by fusion of a 
virion to the cell is an exogenous polynucleotide, however, replicated copies of the viral polynucleotide 
subsequently made in the infected cell are endogenous sequences (and may, for example, become 
integrated into a cell chromosome). Similarly, transgenes which are microinjected or transfected into 
5 a cell are exogenous polynucleotides, however integrated and replicated copies of the transgene(s) 
are endogenous sequences. 

The term "corresponds to" is used herein to mean that a polynucleotide sequence is homologous (i.e., 
may be similar or identical, not strictly evolutionarily related) to all or a portion of a reference 

10 polynucleotide sequence, or that a polypeptide sequence is identical to a reference polypeptide 
sequence. In contradistinction, the term "complementary to" is used herein to mean that the 
complementary sequence is homologous to all or a portion of a reference polynucleotide sequence. 
As outlined below, preferably, the homology is at least 70%, preferably 85%, and more preferably 95% 
identical. Thus, the complementarity between two single-stranded targeting polynucleotides need not 

1 5 be perfect. For illustration, the nucleotide sequence "TATAC" corresponds to a reference sequence 
"TATAC" and is perfectly complementary to a reference sequence "GTATA". 

The terms "substantially corresponds to" or "substantial identity" or "homologous" as used herein 
denotes a characteristic of a nucleic acid sequence, wherein a nucleic acid sequence has at least 

20 about 70 percent sequence identity as compared to a reference sequence, typically at least about 85 
percent sequence identity, and preferably at least about 95 percent sequence identity as compared to 
a reference sequence. The percentage of sequence identity is calculated excluding small deletions or 
additions which total less than 25 percent of the reference sequence. The reference sequence may 
be a subset of a larger sequence, such as a portion of a gene or flanking sequence, or a repetitive 

25 portion of a chromosome. However, the reference sequence is at least 18 nucleotides long, typically 
at least about 30 nucleotides long, and preferably at least about 50 to 100 nucleotides long. 
"Substantially complementary" as used herein refers to a sequence that is complementary to a 
sequence that substantially corresponds to a reference sequence. In general, targeting efficiency 
increases with the length of the targeting polynucleotide portion that is substantially complementary to 

30 a reference sequence present in the target DNA. 

"Specific hybridization" is defined herein as the formation of hybrids between a targeting 
polynucleotide (e.g., a polynucleotide of the invention which may include substitutions, deletion, and/or 
additions as compared to the predetermined target DNA sequence) and a predetermined target DNA, 
35 wherein the targeting polynucleotide preferentially hybridizes to the predetermined target DNA such 
that, for example, at least one discrete band can be identified on a Southern blot of DNA prepared 
from target cells that contain the target DNA sequence, and/or a targeting polynucleotide in an intact 
nucleus localizes to a discrete chromosomal location characteristic of a unique or repetitive sequence. 
In some instances, a target sequence may be present in more than one target polynucleotide species 

9 
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most preferably 10" 2 to 10°, may be achieved. 

In the present invention, recombinase refers to a family of RecA-like recombination proteins all having 
essentially all or most of the same functions, particularly: (i) the recombinase protein's ability to 
properly bind to and position targeting polynucleotides on their homologous targets and (ii) the ability 
of recombinase protein/targeting polynucleotide complexes to efficiently find and bind to 
complementary endogenous sequences. The best characterized recA protein is from E. colt, in 
addition to the wild-type protein a number of mutant recA proteins have been identified (e.g., recA803; 
see Madiraju et al. t PNAS USA 85(18):6592 (1988); Madiraju et al, Biochem. 31:10529 (1992); Lavery 
et al.. J. Biol. Chem. 267:20648 (1992)). Further, many organisms have recA-like recombinases with 
strand-transfer activities (e.g., Fugisawa et al., (1985) Nucl. Acids Res. 13: 7473; Hsieh et al., (1986) 
Cell 44: 885; Hsieh et al., (19891 J. Biol. Chem. 264 : 5089; Fishel et al., (1988) Proc. Natl. Acad. Set. 
(USA) 85: 3683; Cassuto et al.. (19871 Mol. Gen, Genet. 208 : 10; Ganea et al., (1987) Mol. Cell Biol. 
7: 3124; Moore etal.. (1990) J. Biol. Chem. 19: 11108; Keene eta!., (1984) Nucl. Acids Res. 12: 3057; 
Kimeic, (1984) Cold Spring Harbor Svmp. 48: 675; Kmeic, (1986) CeH44: 545; Kolodner et al., (1987) 
Proc. Natl. Acad. Sci. USA 84: 5560; Sugino et al.. (1985) Proc. Natl. Acad. Sci. USA 85: 3683; 
Halbrook et al., (1989) J. Biol. Chem. 264 : 21403; Eisen et al.. (1988) Proc. Natl. Acad. Sci. USA 85: 
7481; McCarthy et al., (1988) Proc. Natl. Acad. Sci. USA 85: 5854; Lowenhaupt et al., (1989) J. Biol. 
Chem. 264 : 20568, which are incorporated herein by reference. Examples of such recombinase 
proteins include, for example but not limited to: recA, recA803, uvsX, and other recA mutants and 
recA-like recombinases (Roca, A. I. (1990) Crit. Rev. Biochem. Molec. Biol. 25 : 415), sep1 (Kolodner 
et al. (1987) Proc. Natl. Acad. Sci. (U.S.A.) 84:5560: Tishkoffet al. Molec. Cell. Biol. 11:2593). RuvC 
(Dunderdale et al. (1991) Nature 354: 506), DST2. KEM1, XRN1 (Dykstra etal. (1991) Molec. Cell. 
BioL 11:2583), STPa/DST1 (Clark etal. (1991) Molec. Cell. Biol. 11:2576). HPP-1 (Moore etal. (1991) 
Proc. Natl. Acad. Sci. (U.S.A.) 88:9067), other target recombinases (Bishop et al. (1 992) CeH 69: 439; 
Shinohara et al. (1992) Cell 69: 457); incorporated herein by reference. RecA may be purified from £. 
colt strains, such as £. colt strains JC12772 and JC15369 (available from A.J. Clark and M. Madiraju, 
University of California-Berkeley, or purchased commercially). These strains contain the recA coding 
sequences on a "runaway" replicating plasmid vector present at a high copy numbers per cell. The 
recA803 protein is a high-activity mutant of wild-type recA. The art teaches several examples of 
recombinase proteins, for example, from Drosophila, yeast, plant, human, and non-human 
mammalian cells, including proteins with biological properties similar to recA (i.e., recA-like 
recombinases), such as Rad51 , Rad57, dmel from mammals and yeast, and Pk-rec (see Rashid et 
al., Nucleic Acid Res. 25(4):719 (1997), hereby incorporated by reference). In addition, the 
recombinase may actually be a complex of proteins, i.e. a "recombinosome". In addition, included 
within the definition of a recombinase are portions or fragments of recombinases which retain 
recombinase biological activity, as well as variants or mutants of wild-type recombinases which retain 
biological activity, such as the E. coli recA803 mutant with enhanced recombinase activity. 
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changes do not substantially effect the functional ability of the targeting polynucleotide to result in 
homologous recombination. For example, recombinase coating of alternate structures should still be 
able to occur. 

5 By "targeting polynucleotides" herein is meant the polynucleotides used to clone or alter the target 
nucleic acids as described herein. Targeting polynucleotides are generally ssDNA or dsDNA, most 
preferably two complementary single-stranded DNAs. 

Targeting polynucleotides are generally at least about 5 to 2000 nucleotides long, preferably about 12 
10 to 200 nucleotides long, at least about 200 to 500 nucleotides long, more preferably at least about 500 
to 2000 nucleotides long, or longer; however, as the length of a targeting polynucleotide increases 
beyond about 20,000 to 50,000 to 400,000 nucleotides, the efficiency or transferring an intact targeting 
polynucleotide into the cell decreases. The length of homology may be selected at the discretion of 
the practitioner on the basis of the sequence composition and complexity of the predetermined 
1 5 endogenous target DNA sequence(s) and guidance provided in the art, which generally indicates that 
1 .3 to 6.8 kilobase segments of homology are preferred when non-recombinase mediated methods 
are utilized (Hasty et al. (19911 Molec. Cell. Biol. 11: 5586; Shuiman etal. (19901 Molec. Cell. Biol. 10: 
4466, which are incorporated herein by reference). 

20 Targeting polynucleotides have at least one sequence that substantially corresponds to, or is 

substantially complementary to, the target nucleic acid, i.e. the predetermined endogenous DNA 
sequence (i.e., a DNA sequence of a polynucleotide located in a target cell, such as a chromosomal, 
mitochondrial, chloroplast, viral, extra chromosomal, or mycoplasmal polynucleotide). By 
"corresponds to" herein is meant that a polynucleotide sequence is homologous (i.e., may be similar or 

25 identical, not strictly evolutionary related) to all or a portion of a reference polynucleotide sequence, or 
that a polypeptide sequence is identical to a reference polypeptide sequence. In contradistinction, the 
term "complementary to" is used herein to mean that the complementary sequence can hybridize to all 
or a portion of a reference polynucleotide sequence. Thus, one of the complementary single stranded 
targeting polynucleotides is complementary to one strand of the endogenous target sequence (i.e. 

30 Watson) and corresponds to the other strand of the endogenous target sequence (i.e. Crick). Thus, 

the complementarity between two single-stranded targeting polynucleotides need not be perfect. For 
illustration, the nucleotide sequence "TATAC" corresponds to a reference sequence TATAC" and is 
perfectly complementary to a reference sequence "GTATA". 

35 The terms "substantially corresponds to" or "substantial identity" or "homologous" as used herein 
denotes a characteristic of a nucleic acid sequence, wherein a nucleic acid sequence has at least 
about 50 percent sequence identity as compared to a reference sequence, typically at least about 70 
percent sequence identity, and preferably at least about 85 percent sequence identity as compared to 
a reference sequence. The percentage of sequence identity is calculated excluding small deletions or 
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nucleotides long, and it is preferable that homology clamps are at least about 20 to 100 nucleotides 
long, and more preferably at least about 100-500 nucleotides long, although the degree of sequence 
homology between the homology clamp and the targeted sequence and the base composition of the 
targeted sequence will determine the optimal and minimal clamp lengths (e.g., G-C rich sequences 
5 are typically more thermodynamicaily stable and will generally require shorter clamp length). 
Therefore, both homology clamp length and the degree of sequence homology can only be 
determined with reference to a particular predetermined sequence, but homology clamps generally 
must be at least about 10 nucleotides long and must also substantially correspond or be substantially 
complementary to a predetermined target sequence. Preferably, a homology clamp is at least about 
I0 10, and preferably at least about 50 nucleotides long and is substantially identical to or complementary 
to a predetermined target sequence. 



In a preferred embodiment, two substantially complementary targeting polynucleotides are used. In 
one embodiment, the targeting polynucleotides form a double stranded hybrid, which may be coated 
15 with recombinase, although when the recombinase is recA, the loading conditions may be somewhat 
different from those used for single stranded nucleic acids. 

In a preferred embodiment, two substantially complementary single-stranded targeting polynucleotides 
are used. The two complementary single-stranded targeting polynucleotides are usually of equal 

20 length, although this is not required. However, as noted below, the stability of the four strand hybrids 
of the invention is putatively related, in part, to the lack of significant unhybridized single-stranded 
nucleic acid, and thus significant unpaired sequences are not preferred. Furthermore, as noted 
above, the complementarity between the two targeting polynucleotides need not be perfect. The two 
complementary single-stranded targeting polynucleotides are simultaneously or contemporaneously 

25 introduced into a target cell harboring a predetermined endogenous target sequence, generally with at 
lease one recombinase protein (e.g., recA). Under most circumstances, it is preferred that the 
targeting polynucleotides are incubated with recA or other recombinase prior to introduction into a 
target cell, so that the recombinase protein(s) may be "loaded" onto the targeting polynucleotide(s), to 
coat the nucleic acid, as is described below. Incubation conditions for such recombinase loading are 

30 described infra, and also in U.S.S.N. 07/755,462, filed 4 September 1991; U.S.S.N. 07/910,791, filed 9 
July 1992; and U.S.S.N. 07/520,321. filed 7 May 1990, each of which is incorporated herein by 
reference. A targeting polynucleotide may contain a sequence that enhances the loading process of a 
recombinase, for example a recA loading sequence is the recombinogenic nucleation sequence 
poiy[d(A-C)], and its complement, poiy[d(G-T)]. The duplex sequence poly[d(A-C)»d(G-T)n, where n is 

35 from 5 to 25, is a middle repetitive element in target DNA. 

There appears to be a fundamental difference in the stability of RecA-protein-mediated D-loops 
formed between one single-stranded DNA (ssDNA) probe hybridized to negatively supercoiled DNA 
targets in comparison to relaxed or linear duplex DNA targets. Internally located dsDNA target 
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target nucleic acid. 

In a preferred embodiment, the first polynucleotide is an expressed sequence tag (EST). As will be 
appreciated by those in the art, there are a wide variety of ESTs known, either publically or privately. 
5 By using an EST as the first polynucleotide, the full length gene may be cloned as outlined herein. 
Alternatively the polynucleotide can be any partial gene sequence. 

In a preferred embodiment, the first polynucleotide is a consensus homology motif tag as outlined in 
WO 99/37755, hereby expressly incorporated by reference. In this embodiment, a consensus 
10 sequence can be used to clone members of a gene family that share a consensus sequence. By 
"homology motif tag" or "protein consensus sequence" herein is meant an amino acid consensus 
sequence of a gene family. By "consensus nucleic acid sequence" herein is meant a nucleic acid that 
encodes a consensus protein sequence of a functional domain of a gene family. In addition, 
'consensus nucleic acid sequence" can also refer to cis sequences that are non-coding but can serve 
1 5 a regulatory or other role. As outlined below, generally a library of consensus nucleic acid sequences 
are used, that comprises a set of degenerate nucleic acids encoding the protein consensus sequence. 
A wide variety of protein consensus sequences for a number of gene families are known. A "gene 
family" therefore is a set of genes that encode proteins that contain a functional domain for which a 
consensus sequence can be identified. However, in some instances, a gene family includes non- 
20 coding sequences; for example, consensus regulatory regions can be identified. For example, gene 
family/consensus sequences pairs are known for the G-protein coupled receptor family, the AAA- 
protein family, the bZIP transcription factor family, the mutS family, the recA family, the Rad51 family, 
the dmel family, the recF family, the SH2 domain family, the Bcl-2 family, the single-stranded binding 
protein family, the TFIID transcription family, the TGF-beta family, the TNF family, the XPA family, the 
25 XPG family, actin binding proteins, bromodomain GDP exchange factors, MCM family, ser/thr 
phosphatase family, etc. 

As will be appreciated by those in the art, the proteins of the gene families generally do not contain the 
exact consensus sequences; generally consensus sequences are artificial sequences that represent 

30 the best comparison of a variety of sequences. The actual sequence that corresponds to the 

functional sequence within a particular protein is termed a "consensus functional domain" herein; that 
is, a consensus functional domain is the actual sequence within a protein that corresponds to the 
consensus sequence. A consensus functional domain may also be a "predetermined endogenous 
DNA sequence" (also referred to herein as a "predetermined target sequence") that is a polynucleotide 

35 sequence contained in a target cell. Such sequences can include, for example, chromosomal 
sequences (e.g., structural genes, regulatory sequences including promoters and enhancers, 
recombinatorial hotspots, repeat sequences, integrated proviral sequences, hairpins, palindromes), 
episomal or extrachromosomal sequences (e.g., replicable plasmids or viral replication intermediates) 
including chloroplast and mitochondrial DNA sequences. By "predetermined" or "pre-selected" it is 
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deduced using standard tables. In some cases additional degeneracy is used to enable production in 
one oligonucleotide synthesis. In many cases motifs were chosen to minimize degeneracy. In 
addition, the consensus sequences may be designed to facilitate amplification of neighboring 
sequences. This can utilize two motifs as indicated by faithful or error prone amplification. 
5 Alternatively outside sequences can be used as is indicated using vector sequence. In addition 
degenerate oligos can be synthesized and used directly in the procedure without amplification. 

In addition to the first subfamily of G-protein coupled receptors, there is a second subfamily encoding 
receptors that bind peptide hormones that do not show sequence similarity to the first R7G subfamily. 

10 All the characterized receptors in this subfamily are coupled to G-proteins that activate both adenylyl 
cyclase and the phosphatidylinositol-caicium pathway. However, they are structurally similar; like 
classical R7G proteins they putatively contain seven transmembrane regions, a glycosylated 
extracellular N-terminus and a cytoplasmic C-terminus. Known receptors in this subfamily are 
encoded on multiple exons, and several of these genes are alternatively spliced to yield functionally 

1 5 distinct products. The N-terminus contains five conserved cysteine residues putatively important in 
disulfide bonds. Known G-protein coupled receptors in this subfamily are listed above. 

In addition to the first and second subfamilies of G-protein coupled receptors, there is a third subfamily 
encoding receptors that bind glutamate and calcium but do not show sequence similarity to either of 
20 the other subfamilies. Structurally, this subfamily has signal sequences, very large hydrophobic 

extracellular regions of about 540 to 600 amino acids that contain 17 conserved cysteines (putatively 
involved in disulfides), a region of about 250 residues that appear to contain seven transmembrane 
domains, and a C-terminal cytoplasmic domain of variable length (50 to 350 residues). Known G- 
protein coupled receptors of this subfamily are listed above. 

25 

In a preferred embodiment, the gene family is the bZIP transcription factor family. This eukaryotic 
gene family encodes DNA binding transcription factors that contain a basic region that mediates 
sequence specific DNA binding, and a leucine zipper, required for dimerization. The bZIP family 
includes, but is not limited to, AP-1, ATF..CREB, CREM, FOS, FRA, GBF, GCN4, HBP, JUN, MET4 t 
30 OCS1 , OP, TAF1 , XBP1 , and YBBO. 

In a preferred embodiment, the gene family is involved in DNA mismatch repair, such as mutL, hexB 
and PMS1. Members of this family include, but are not limited to, MLH1, PMS1, PMS2, HexB and 
MulL. The protein consensus sequence is G-F-R-G-E-A-L. 

35 

In a preferred embodiment, the gene family is the mutS family, also involved in mismatch repair of 
DNA, directed to the correction of mismatched base pairs that have been missed by the proofreading 
element of the DNA polymerase complex. MutS gene family members include, but are not limited to, 
MSH2, MSH3, MSH6 and MutS. 
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Two unrelated families of recombinases are currently known. The first, called the "phage integrase" 
family, groups a number of bacterial, phage and yeast plasmid enzymes. The second, called the 
"resolvase" family, groups enzymes which share the following structural characteristics: an N-terminal 
catalytic and dimerization domain that contains a conserved serine residue involved in the transient 
5 covalent attachment to DNA, and a C-terminal helix-turn-helix DNA-binding domain. 

In a preferred embodiment, the gene family is the single-stranded binding protein family. The E. coli 
single-stranded binding protein (ssb), also known as the helix-destabilizing protein, is a protein of 177 
amino acids. It binds tightly as a homotetramer to a single-stranded DNA ss-DNA) and plays an 
10 important role in DNA replication, recombination and repair. Members of the ssb family include, but 
are not limited to, E. coli ssb and eukaryotic RPA proteins. 

In a preferred embodiment, the gene family is the TFIID transcription family. Transcription factor 
TFIID (or TATA-binding protein, TBP), is a general factor that plays a major role in the activation of 

1 5 eukaryotic genes transcribed by RNA polymerase II. TFIID binds specifically to the TATA box 

promoter element which lies close to the position of transcription initiation. There is a remarkable 
degree of sequence conservation of a C-terminal domain of about 180 residues in TFIID from various 
eukaryotic sources. This region is necessary and sufficient for TATA box binding. The most 
significant structural feature of this domain is the presence of two conserved repeats of a 77 amino- 

20 acid region. 

In a preferred embodiment, the gene family is the TGF-P family. Transforming growth factor-3 (TGF- 
P) is a multifunctional protein that controls proliferation, differentiation and other functions in many cell 
types. TGF-3-1 is a protein of 112 amino acid residues derived by proteolytic cleavage from the C- 
25 terminal portion of the precursor protein. Members of the TGF-P family include, but are not limited to, 
the TGF-1-3 subfamily (including TGF1, TGF2, and TGF3); the BMP3 subfamily (BM3B, BMP3); the 
BMP5-8 subfamily (BM8A, BMP5. BMP6, BMP7, and BMP8); and the BMP 2 & 4 subfamily (BMP2, 
BMP4. DECA). 

30 In a preferred embodiment, the gene family is the TNF family. A number of cytokines can be grouped 
into a family on the basis of amino acid sequence, as well as structural and functional similarities. 
These include (1 ) tumor necrosis factor (TNF), also known as cachectin or TNF-cc, which is a cytokine 
with a wide variety of functions. TNF-a can cause cytolysis of certain tumor cell lines; it is involved in 
the induction of cachexia; it is a potent pyrogen, causing fever by direct action or by stimulation of 

35 interleukin-1 secretion; and it can stimulate cell proliferation and induce cell differentiation under 
certain conditions; (2) lymphotoxin-a (LT-a) and lymphotoxin-p (LT-p), two related cytokines 
produced by lymphocytes and which are cytotoxic for a wide range of tumor cells in vitro and in vivo; 
(3) T cell antigen gp39 (CD40L), a cytokine that seems to be important in B-cell development and 
activation; (4) CD27L, a cytokine that plays a role in T-cell activation; it induces the proliferation of 
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sequence which serves as a probe target site to allow the quick and easy isolation of the complex; for 
example using an Bffinity-type column. 

Once the target nucleic acid is selected, the targeting polynucleotides are made, as will be appreciated 
5 by those in the art. As will be appreciated by those in the art, there are a variety of ways to generate 
targeting polynucleotides. In one embodiment, for example when an EST sequence is to serve as the 
targeting polynucleotide, primers are generated as outlined herein and then the EST sequence is 
cloned out of a library, and then used in the methods of the invention; alternatively, the polynucleotides 
can be made directly, using known synthetic techniques. Additionally, for large targeting 

10 polynucleotides, plasmids are engineered to contain an appropriately sized gene sequence with a 
deletion or insertion in the gene of interest and at least one flanking homology clamp which 
substantially corresponds or is substantially complementary to an endogenous target DNA sequence. 
Vectors containing a targeting polynucleotide sequence are typically grown in E. coli and then isolated 
using standard molecular biology methods. Alternatively, targeting polynucleotides may be prepared 

15 in single-stranded form by oligonucleotide synthesis methods, which may first require, especially with 
larger targeting polynucleotides, formation of subfragments of the targeting polynucleotide, typically 
followed by splicing of the subfragments together, typically by enzymatic ligation. In general, as will be 
appreciated by those in the art, targeting polynucleotides may be produced by chemical synthesis of 
oligonucleotides, nick-translation of a double-stranded DNA template, polymerase chain-reaction 

20 amplification of a sequence (or ligase chain reaction amplification), purification of prokaryotic or target 
cloning vectors harboring a sequence of interest (e.g.. a cloned cDNA or genomic clone, or portion 
thereof) such as plasmids, phagemids, YACs, cosmids, bacteriophage DNA, other viral DNA or 
replication intermediates, or purified restriction fragments thereof, as well as other sources of single 
and double-stranded polynucleotides having a desired nucleotide sequence. When using 

25 microinjection procedures it may be preferable to use a transfection technique with linearized 
sequences containing only modified target gene sequence and without vector or selectable 
sequences. The modified gene site is such that a homologous recombinant between the exogenous 
targeting polynucleotide and the endogenous DNA target sequence can be identified by using carefully 
chosen primers and PCR, followed by analysis to detect if PCR products specific to the desired 

30 targeted event are present (Erlich et al., (1991) Science 252: 1643, which is incorporated herein by 

reference). Several studies have already used PCR to successfully identify and then clone the desired 
transfected cell lines (Zimmer and Gruss, (1989) Nature 338: 150; Mouellic et al., (1990) Proc. Natl. 
Acad. ScL USA 87: 4712; Shesely et al., (1991) Proc. Natl. Acad. Sci. USA 88: 4294, which are 
incorporated herein by reference). This approach is very effective when the number of cells receiving 

35 exogenous targeting polynucleotide(s) is high (i.e., with microinjection, or with liposomes) and the 

treated cell populations are allowed to expand to cell groups of approximately 1 x 10 4 cells (Capecchi, 
(1989) Science 244: 1288). When the target gene is not on a sex chromosome, or the ceils are 
derived from a female, both alleles of a gene can be targeted by sequential inactivation (Mortensen et 
al.. (1991) Proc. Natl. Acad. Sci. USA 88: 7036). Alternatively, animals heterologous for the target 
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preferably the targeting polynucleotide is contacted first with a recombinase, or with a mixture 
comprising both a cell-uptake component and a recombinase under conditions whereby, on average, 
at least about one molecule of recombinase is noncovalently attached per targeting polynucleotide 
molecule and at least about one cell-uptake component also is noncovalently attached. Most 
5 preferably, coating of both recombinase and cell-uptake component saturates essentially all of the 
available binding sites on the targeting polynucleotide. A targeting polynucleotide may be 
preferentially coated with a cell-uptake component so that the resultant targeting complex comprises, 
on a molar basis, more cell-uptake component than recombinase(s). Alternatively, a targeting 
polynucleotide may be preferentially coated with recombinase(s) so that the resultant targeting 
10 complex comprises, on a molar basis, more recombinase(s) than cell-uptake component. 

Cell-uptake components are included with recombinase-coated targeting polynucleotides of the 
invention to enhance the uptake of the recombinase-coated targeting polynucleotide(s) into cells, 
particularly for in vivo gene targeting applications, such as gene therapy to treat genetic diseases, 

15 including neoplasia, and targeted homologous recombination to treat viral infections wherein a viral 
sequence (e.g., an integrated hepatitis B virus (HBV) genome or genome fragment) may be targeted 
by homologous sequence targeting and inactivated. Alternatively, a targeting polynucleotide may be 
coated with the cell-uptake component and targeted to cells with a contemporaneous or simultaneous 
administration of a recombinase (e.g., liposomes or immunoliposomes containing a recombinase, a 

20 viral-based vector encoding and expressing a recombinase). 

In addition to recombinase and cellular uptake components, at least one of the targeting 
polynucleotides may include chemical substituents. Exogenous targeting polynucleotides that have 
been modified with appended chemical substituents may be introduced along with recombinase (e.g., 

25 recA) into a metabolically active target cell to homologously pair with a predetermined endogenous 

DNA target sequence in the ceil. In a preferred embodiment, the exogenous targeting polynucleotides 
are derivatized, and additional chemical substituents are attached, either during or after polynucleotide 
synthesis, respectively, and are thus localized to a specific endogenous target sequence where they 
produce an alteration or chemical modification to a local DNA sequence. Preferred attached chemical 

30 substituents include, but are not limited to: cross-linking agents (see Podyminogin et al., Biochem. 
34:13098 (1995) and 35:7267 (1996), both of which are hereby incorporated by reference), nucleic 
acid cleavage agents, metal chelates (e.g., iron/EDTA chelate for iron catalyzed cleavage), 
topoisomerases, endonucleases, exonucleases, ligases, phosphodiesterases, photodynamic 
porphyrins, chemotherapeutic drugs (e.g., adriamycin, doxirubicin), intercalating agents, labels, 

35 base-modification agents, agents which normally bind to nucleic acids such as labels, etc. (see for 

example Afonina et al. t PNAS USA 93:3199 (1996), incorporated herein by reference) immunoglobulin 
chains, and oligonucleotides. Iron/EDTA chelates are particularly preferred chemical substituents 
where local cleavage of a DNA sequence is desired (Hertzberg et al. (1982) J. Am. Chem. Soc. 104: 
313; Hertzberg and Dervan (1984) Biochemistry 23: 3934; Taylor et al. (1984) Tetrahedron 40: 457; 

25 
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depending upon polynucleotide size and the amount of added polynucleotide, and the ratio of recA 
moleculernucleotide preferably ranges between about 3:1 and 1:3. When single-stranded 
polynucleotides are recA coated independently of their homologous polynucleotide strands, the mM 
and pM concentrations of ATPyS and recA, respectively, can be reduced to one-half those used with 
5 double-stranded targeting polynucleotides (i.e., recA and ATPyS concentration ratios are usually kept 
constant at a specific concentration of individual polynucleotide strand, depending on whether a 
single- or double-stranded polynucleotide is used). 

RecA protein coating of targeting polynucleotides is normally carried out in a standard 1X RecA 
10 coating reaction buffer. 10X RecA reaction buffer (i.e., 10x AC buffer) consists of: 100 mM Tris 

acetate (pH 7.5 at 37°C), 20 mM magnesium acetate, 500 mM sodium acetate, 10 mM DTT, and 50% 
glycerol). All of the targeting polynucleotides, whether double-stranded or single-stranded, typically 
are denatured before use by heating to 95-1 00°C for five minutes, placed on ice for one minute, and 
subjected to centrifugation (10,000 rpm) at 0°C for approximately 20 seconds (e.g., in a Tomy 
15 centrifuge). Denatured targeting polynucleotides usually are added immediately to room temperature 
RecA coating reaction buffer mixed with ATPyS and diluted with double-distilled H20 as necessary. 

A reaction mixture typically contains the following components: (i) 0.2-4.8 mM ATPyS; and (ii) 
between 1-100 ng/pl of targeting polynucleotide. To this mixture is added about 1-20 pi of recA 
20 protein per 10-100 pi of reaction mixture, usually at about 2-10 mg/ml (purchased from Pharmacia or 
purified), and is rapidly added and mixed. The final reaction volume-for RecA coating of targeting 
polynucleotide is usually in the range of about 10-500 pi. RecA coating of targeting polynucleotide is 
usually initiated by incubating targeting polynucleotide-RecA mixtures at 37°C for about 10-15 min. 

25 RecA protein concentrations in coating reactions varies depending upon targeting polynucleotide size 
and the amount of added targeting polynucleotide: recA protein concentrations are typically in the 
range of 5 to 50 pM. When single-stranded targeting polynucleotides are coated with recA, 
independently of their complementary strands, the concentrations of ATPyS and recA protein may 
optionally be reduced to about one-half of the concentrations used with double-stranded targeting 

30 polynucleotides of the same length: that is, the recA protein and ATPyS concentration ratios are 
generally kept constant for a given concentration of individual polynucleotide strands. 

The coating of targeting polynucleotides with recA protein can be evaluated in a number of ways. 
First, protein binding to DNA can be examined using band-shift gel assays (McEntee et al. t (1981) J. 
35 Biol. Chem. 256: 8835). Labeled polynucleotides can be coated with recA protein in the presence of 
ATPyS and the products of the coating reactions may be separated by agarose gel electrophoresis. 
Following incubation of recA protein with denatured duplex DNAs the recA protein effectively coats 
single-stranded targeting polynucleotides derived from denaturing a duplex DNA. As the ratio of recA 
protein monomers to nucleotides in the targeting polynucleotide increases from 0, 1:27, 1:2.7 to 3.7:1 
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Once made, the compositions of the invention find use in a number of applications. In general, the 
compositions and methods of the invention are useful to clone target nucleic acids in a high- 
throughput manner, using a variety of robotic systems. This can be done to identify new members of 
gene families which may be useful in functional genomic studies as well as in the identification of new 
5 drug targets; both of these may be accomplished through the generation of "knock-out", "knock-in", or 
other genetically modified plant or animal models. 

In a preferred embodiment, the compositions find use in the cloning of target nucleic acids. In this 
embodiment, the EHR compositions are contacted with a nucleic acid library such as a cDNA library, 
1 0 genomic DNA, or YAC, BAC or PAC libraries. In general, any library that serves as a source of target 
sequences can be used. In addition, the target can be genomic DNA, ?? DNA, RNA, or DNA plasmid 
?? populations that are in a library. In addition, any target cells outlined herein may be used to 
generate a cDNA library for use in the invention. Furthermore, while not preferred in some 
embodiments, the nucleic acid library may actually be a library of target cells. 

15 

In a preferred embodiment, the present invention finds use in the isolation of new members of gene 
families. As is generally described herein and in related applications, the use of HMT filaments (i.e. 
consensus homology clamps preferably containing a purification tag such as biotin, disoxisenin, or one 
purification method such as the use of a recA antibody), allows the identification of new genes within 

20 the gene family. Once identified, the new genes can be cloned, sequenced and the protein gene 
products purified. As will be appreciated by those in the art, the functional importance of the new 
genes can be assessed in a number of ways, including functional studies on the protein level, 
phenotypic screening, as well as the generation of "knock our or genetically altered animal models. 
By choosing consensus sequences for therapeutically relevant gene families, novel targets can be 

25 identified that can be used in screening of drug candidates. 

Thus, in a preferred embodiment, the present invention provides methods for isolating new members 
of gene families comprising introducing targeting polynucleotides comprising consensus homology 
clamps and at least one purification tag, preferably biotin, to a mix of nucleic acid, such as a plasmid 
30 cDNA library or a cell, and then utilizing the purification tag to isolate the gene(s). The exact methods 
will depend on the purification tag; a preferred method utilizes the attachment of the binding ligand for 
the tag to a bead, which is then used to pull out the sequence. Alternatively anti-recA antibodies could 
be used to capture recA-coated probes. The genes are then cloned, sequenced, and reassembled if 
necessary, as is well known in the art. 

35 

Thus, in a preferred embodiment, the methods of the invention comprise contacting the compositions 
of the invention with a nucleic acid library to clone target sequences. The nucleic acid libraries may be 
made from any number of different target cells as is known fn the art. By "target cells" herein is meant 
prokaryotic or eukaryotic cells. Suitable prokaryotic cells include, but are not limited to, bacteria such 
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microtiter plates or beads are used. RecA proteins and anti-RecA antibodies coated plates are used. 

In a preferred embodiment, after isolation, the target nucleic acids are cloned and sequenced, as is 
5 known in the art. .As will be appreciated by those in the art, when a target gene is isolated, it may be 
that the isolated target sequence is not the full length gene: that is, it does not contain a full open 
reading frame. In this case, either the experiments can be run again, using either the same targeting 
polynucleotides or targeting polynucleotides based on some of the new sequence. In addition, 
multiple experiments may be run to enrich for the desired target sequence. For instance, multiple 5* 
10 and 3' derived probes can be used in succession to obtain full length gene clones. 

In a preferred embodiment, the methods and compositions of the invention comprise a robotic system. 
The systems outlined herein are generally directed to the use of 96 well microtiter plates, but as will be 
appreciated by those in the art, any number of different plates or configurations may be used. In 
15 addition, any or all of the steps outlined herein may be automated; thus, for example, the systems may 
be completely or partially automated. 

As will be appreciated by those in the art, there are a wide variety of components which can be used, 
including, but not limited to, one or more robotic arms; plate handlers for the positioning of 
20 microplates; automated lid handlers to remove and replace lids for wells on non-cross contamination 
plates; tip assemblies for sample distribution with disposable tips; washable tip assemblies for sample 
distribution; 96 well loading blocks; cooled reagent racks; microtitler plate pipette positions (optionally 
cooled); stacking towers for plates and tips; and computer systems. 

25 Full automation of EHR methods includes A. Robotic instrumentation and B. Thermal cycles for PCR 
High-through put genomic and phenotypic assays. Automation of EHR technology enables high- 
throughput gene cloning, high throughput phenotypic screening and identification and biovalidation of 
drug targets simultaneously from multiple cell types, tissues and organisms. The fully automated 
instrument can perform: DNA probe preparation, gene target preparation, ssDNA and cssDNA 

30 nucleoprotein filament formation, gene hybridization, affinity capture and isolation of target DNA 

hybrids, chemical and electrical cell transformation, DNA extraction, and gene analysis technologies. 
Examples of automated high throughput applications enabled by EHR technology include rapid gene 
cloning; mutagenesis, modifications, and evolution of genes; gene mapping; isolation of gene families, 
gene orthologs, and paralogs; nucleic acid targeting including modified and unmodified DNA and RNA 

35 molecules; single and multiple nucleotide polymorphisms diagnostics; loss of heterozygosity (LOH) 
and other chromosomal aberration diagnostics; recombinase protein and DNA repair assays; nucleic 
acid library production, subtraction and normalization; analysis of gene expression, genetic 
quantitation and normalization. In addition, phenotyping and subsequent drug screening can be done 
for biovalidation of the gene target clones. 
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phenotypic expression of specific markers on cells, tissues, and organisms; target validation; lead 
optimization; data analysis, mining, organization, and integration of the high-throughput screens with 
the public and proprietary databases. 

These instruments can fit in a sterile laminar flow or fume hood, or are enclosed, self-contained 
systems, for cell culture growth and transformation in multi-well plates or tubes and for hazardous 
operations. The living cells will be grown under controlled growth conditions, with controls for 
temperature, humidity, and gas for time series of the live cell assays. Automated transformation of 
cells and automated colony pickers will facilitate rapid screening of desired clones. 

Flow cytometry or capillary electrophoresis formats can be used for individual capture of magnetic and 
other beads, particles, cells, and organisms. 

The flexible hardware and software allow instrument adaptability for multiple applications. The 
software program modules allow creation, modification, and running of methods. The system 
diagnostic modules allow instrument alignment, correct connections, and motor operations. The 
customized tools, labware, and liquid, particle, cell and organism transfer patterns allow different 
applications to be performed. The database allows method and parameter storage. Robotic and 
computer interfaces allow communication between instruments. 

In a preferred embodiment, the robotic workstation includes one or more heating or cooling 
components. Depending on the reactions and reagents, either cooling or heating may be required, 
which can be done using any number of known heating and cooling systems, including Peltier 
systems. 

In a preferred embodiment, the robotic apparatus includes a central processing unit which 
communicates with a memory and a set of input/output devices (e.g., keyboard, mouse, monitor, 
printer, etc.) through a bus. The general interaction between a central processing unit, a memory, 
input/output devices, and a bus is known in the art. Thus, a variety of different procedures, 
depending on the experiments to be run, are stored in the CPU memory. 

The basic process is outlined below, but as outlined herein, any of these steps may be deleted and 
others added. In addition, any number of optional washing steps may be used. 

In a preferred embodiment, the targeting polynucleotides are biotinylated. Partial cDNA or EST-size 
fragments, prepared as biotinylated-ssDNA probes, are used to target cDNA libraries for the formation 
of stable biotiny!ated-probe:target hybrids. Oligonucleotides (generally 20-30 bases) that were 
complementary to the target nucleic acid or Expressed Sequence Tag (EST) sequence are designed 
using known techniques, including the Primers and Amplify Software Programs. These primers are 
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(final Mg concentration is 10 mM in targeting reaction in each well of the microplate at position P1 on 
the robot deck. Five microliters of the library mix is aspirated by the robotic liquid pipetter, the robotic 
lid handler uncaps the lid of the destination microplate (P5 position), and the pipetter dispenses the 
coating mix into the well with the nucleoprotein filaments. The samples are optionally mixed by 
pipetting. After addition of the coating mix to all of the wells, the plate handler transfers the microplate 
to the thermocycler and the samples are incubated at 37°C for 20 minutes to allow the hybridization of 
nucleoprotein filaments to homologous target nucleic acid. After hybridization, the microplate is 
transferred to the P5 position by the plate handler. From position 2 of the reagent rack, the robotic 
liquid pipetter aspirates and dispenses 1 ml of 50mg/ml salmon sperm competitor DNA into each well 
of the destination microplate (P5 position) and the samples are optionally mixed by pipetting. The 
microplate is transferred to the thermocycler and incubated for 5 minutes at 37<>C. The microplate is 
then transferred to the P5 position on the robot deck. 

In a preferred embodiment, the targeted hybrid DNAs are deproteinized. The targeting of RecA 
coated ssONA to homologous sequences at any position in a duplex DNA molecule produces stable 
D-loop hybrids after protein removal. For each reaction, 0.6 ml of the SDS solution (10 mg/ml) and 
0.4 ml of Proteinase K (Boehringer Mannheim) is combined in a 0. 5 ml microfuge tube and placed in 
position 3 of the reagent rack. The liquid pipetter aspirates and dispenses 1 ml of the SDS mixture 
into each well of the sample microplate and optionally mixes the samples by pipetting. The microplate 
is transferred to the thermocycler and incubated for 10 minutes at 37j C. The microplate is transferred 
to the P5 position and the liquid pipetter adds 1 ml of phenylmethyl-sulfonyl fluoride (PMSF) protease 
inhibitor (Boehringer Mannheim) from Position 4 of the reagent rack. 

In a preferred embodiment, the targeted hybrids are then bound to a streptavidin coated microplate. 
After removal of RecA protein, the probe:target hybrids are selectively captured and purified on 
streptavidin-coated microplates. Each sample is transferred by the robotic liquid pipetter from the 
sample microplate (P5 position) to the streptavidin coated microplate (Position E5 on the robot deck). 
The microplate is manually removed (although this can be done roboticaily as well) and placed on a 
shaker for one hour to allow the DNA probertarget hybrids to bind to the streptavidin-coated plate. 

The desired target sequences, usually cDNA, is then isolated. The non-homologous, unbound DNA is 
manually aspirated from each well of the microplate. Each well is washed three times with Wash 
buffer (10 mM Tris-HCI pH 7.5, 2 M NaCI, and 1 mM EDTA), incubated once with ddH 2 0 for 5 minutes 
at 37*C, and eluted with Elution Buffer (100 mM NaOH, 1mM EDTA). The DNA is transferred to a and 
precipitated with the addition of Precipitation Mix (2.75 M NaAcetate pH 7, 1 .67 mg/ml Glycogen) and 
500 ml of 100% ethanol. The samples are incubated at -70*C for 20 minutes or -20°C for 30 minutes 
and centrifuged for 20 minutes at 4'C. The pellets are washed once with 70% ethanol and air dried. 
The pellets are resuspended in TE\ 
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phenotypic screening, as outlined below. That is, the present invention allows for the introduction of 
alterations in the target nucleic acid, in a high-throughput manner, generally using robotic systems. 
Then the resulting variants can be screened, again using high-throughput phenotypic screens, to 
identify useful variants. Thus, the fact that heterologies are tolerated in targeting polynucleotides 
5 allows for two things: first, the use of a heterologous consensus homology clamp that may target 
consensus functional domains of multiple genes, rather than a single gene, resulting in a variety of 
genotypes and phenotypes, and secondly, the introduction of alterations to the target sequence 
including insertion of heterologous DNA into the gene. Thus typically, a targeting polynucleotide (or 
complementary polynucleotide pair) has a portion or region having a sequence that is not present in 
10 the preselected endogenous targeted sequence(s) (i.e., a nonhomologous portion or mismatch) which 
may be as smalt as a single mismatched nucleotide, several mismatches, or may span up to about 
several kilobases or more of nonhomologous sequence. 

Without being to be bound by a particular theory, it is believed that the addition of recombinases to a 
15 targeting polynucleotide enhances the efficiency of homologous recombination between homologous, 
nonisogenic sequences (e.g., between an exon 2 sequence of an albumin gene of a Balb/c mouse 
and a homologous albumin gene exon 2 sequence of a C57/BL6 mouse), as well as between isogenic 
sequences. 

20 The formation of heteroduplex joints is not a stringent process; genetic evidence supports the view 
that the classical phenomena of meiotic gene conversion and aberrant meiotic segregation results in 
part from the inclusion of mismatched base pairs in heteroduplex joints, and the subsequent 
correction of some of these mismatched base pairs before replication. Observations on recA protein 
have provided information on parameters that affect the discrimination of relatedness from perfect or 

25 near-perfect homology and that affect the inclusion of mismatched base pairs in heteroduplex joints. 

The ability of recA protein to drive strand exchange past all single base-pair mismatches and to form 
extensively mismatched joints in superhelical DNA reflect its role in recombination and gene 
conversion. This error-prone process may also be related to its role in mutagenesis. RecA-mediated 
pairing reactions involving DNA of cJ)X174 and G4, which are about 70 percent homologous, have 

30 yielded homologous recombinants (Cunningham et al. (1981 ) Cell 24: 213), although recA 

preferentially forms homologous joints between highly homologous sequences, and is implicated as 
mediating a homology search process between an invading DNA strand and a recipient DNA strand, 
producing relatively stable heteroduplexes at regions of high homology. 

35 Accordingly, it is the fact that recombinases can drive the homologous recombination reaction 

between strands which are significantly, but not perfectly, homologous, which allows gene conversion 
and the modification of target sequences. Thus, targeting polynucleotides may be used to introduce 
nucleotide substitutions, insertions and deletions into an endogenous nucleic acid sequence, and thus 
the corresponding amino acid substitutions, insertions and deletions in proteins expressed from the 
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"insertion sequence" as used herein means one or more nucleotides which are inserted into an 
endogenous gene to disrupt it. In general, insertion sequences can be as short as 1 nucleotide or as 
long as a gene, as outlined herein. For non-gene insertion sequences, the sequences are at least 1 
nucleotide, with from about 1 to about 50 nucleotides being preferred, and from about 10 to 25 
5 nucleotides being particularly preferred. An insertion sequence may comprise a polylinker sequence, 
with from about 1 to about 50 nucleotides being preferred, and from about 10 to 25 nucleotides being 
particularly preferred. Insertion sequence may be a PCR tag used for identification of the first gene. 

In a preferred embodiment, an insertion sequence comprises a gene which not only disrupts the 
10 endogenous gene, thus preventing its expression, but also can result in the expression of a new gene 
product. Thus, in a preferred embodiment, the disruption of an endogenous gene by an insertion 
sequence gene is done in such a manner to allow the transcription and translation of the insertion 
gene. An insertion sequence that encodes a gene may range from about 50 bp to 5000 bp of cDNA or 
about 5000 bp to 50000 bp of genomic DNA. As will be appreciated by those in the art, this can be 
15 done in a variety of ways. In a preferred embodiment, the insertion gene is targeted to the 

endogenous gene in such a manner as to utilize endogenous regulatory sequences, including 
promoters, enhancers or a regulatory sequence. In an alternate embodiment, the insertion sequence 
gene includes its own regulatory sequences, such as a promoter, enhancer or other regulatory 
sequence etc. 

20 

Particularly preferred insertion sequence genes include, but are not limited to, genes which encode 
selection or reporter proteins. In addition, the insertion sequence genes may be modified or variant 
genes. 

25 The term "deletion" as used herein comprises removal of a portion of the nucleic acid sequence of an 
endogenous gene. Deletions range from about 1 to about 100 nucleotides, with from about 1 to 50 
nucleotides being preferred and from about 1 to about 25 nucleotides being particularly preferred, 
although in some cases deletions may be much larger, and may effectively comprise the removal of 
the entire consensus functional domain, the entire endogenous gene and/or its regulatory sequences. 

30 Deletions may occur in combination with substitutions or modifications to arrive at a final modified 
endogenous gene. 

In a preferred embodiment, endogenous genes may be disrupted simultaneously by an insertion and a 
deletion. For example, some or all of an endogenous gene, with or without its regulatory sequences, 
35 may be removed and replaced with an insertion sequence gene. Thus, for example, all but the 
regulatory sequences of an endogenous gene may be removed, and replaced with an insertion 
sequence gene, which is now under the control of the endogenous gene's regulatory elements. 

In addition, when the targeting polynucleotides are used to generate insertions or deletions in an 
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appreciated by those in the art, less than a one to one ratio of Watson to Crick strands may be used; 
for example, an excess of one of the single stranded target polynucleotides (i.e. Watson) may be 
used. Preferably, sufficient numbers of each of Watson and Crick strands are used to allow the 
majority of the targeting polynucleotides to form double D-loops, which are preferred over single D- 
5 loops as outlined above. In addition, the pairs need not have perfect complementarity; for example, 
an excess of one of the single stranded target polynucleotides (i.e. Watson), which may or may not 
contain mismatches, may be paired to a large number of variant Crick strands, etc. Due to the 
random nature of the pairing, one or both of any particular pair of single-stranded targeting 
polynucleotides may not contain any mismatches. However, generally, at least one of the strands will 
1 0 contain at least one mismatch. 

The plurality of pairs preferably comprise a pool or library of mismatches. The size of the library will 
depend on a number of factors, including the number of residues to be mutagenized, the succeptibility 
of the protein to mutation, etc., as will be appreciated by those in the art. Generally, a library in this 

15 instance preferably comprises at least 10% different mismatches over the length of the targeting 
polynucleotides, with at least 30% mismatches being preferred and at least 40% being particularly 
preferred, although as will be appreciated by those in the art, lower (1, 2, 5%, etc.) or higher amounts 
of mismatches being both possible and desirable in some instances. That is, the plurality of pairs 
comprise a pool of random and preferably degenerate mismatches over some regions or all of the 

20 entire targeting sequence. As outlined herein, "mismatches" include substitutions, insertions and 

deletions, with the former being preferred. Thus, for example, a pool of degenerate variant targeting 
polynucleotides covering some, or preferably all, possible mismatches over some region are 
generated, as outlined above, using techniques well known in the art. Preferably, but not required, the 
variant targeting polynucleotides each comprise only one or a few mismatches (less than 10), to allow 

25 complete multiple randomization. That is, by repeating the homologous recombination steps any 
number of times, as is more fully outlined below, the mismatches from a plurality of probes can be 
incorporated into a single target sequence. 

The mismatches can be either non-random (i.e. targeted) or random, including biased randomness. 

30 That is, in some instances specific changes are desirable, and thus the sequence of the targeting 
polynucleotides are specifically chosen. In a preferred embodiment, the mismatches are random. 
The targeting polynucleotides can be chemically synthesized, and thus may incorporate any nucleotide 
at any position. The synthetic process can be designed to generate randomized nucleic acids, to 
allow the formation of all or most of the possible combinations over the length of the nucleic acid, thus 

35 forming a library of randomized targeting polynucleotides. Preferred methods maximize library size 
and diversity. 

It is important to understand that in any library system encoded by oligonucleotide synthesis one 
cannot have complete control over the codons that will eventually be incorporated into the peptide 
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sequence. 

Thus, this embodiment proceeds as follows. A pool of targeting polynucleotides are made, each 
containing one or more mismatches. The probes are coated with recombinase as generally described 
5 herein, and introduced to the target sequence as outlined herein. Upon binding of the probes to form 
D-loops, homologous recombination can occur, producing altered target sequences. These altered 
target sequences can then be introduced into cells, if the shuffling was done in vitro, to produce target 
protein which can then be tested for biological activity, based on the identification of the target 
sequence. Depending on the results, the altered target sequence can be used as the starting target 
10 sequence in reiterative rounds of homologous recombination, generally using the same library. 

Preferred embodiments utilize at least two rounds of homologous recombination, with at least 5 
rounds being preferred and at least 10 rounds being particularly preferred. Again, the number of 
reiterative rounds that are performed will depend on the desired end-point, the resistance or 
succeptibility of the protein to mutation, the number of mismatches in each probe, etc. 

15 

In some embodiments, for example when phenotypic screens are to be done, the targeting 
polynucleotides are introduced into target cells, as defined herein. In a preferred embodiment, the 
target sequence is a chromosomal sequence. In this embodiment, the recombinase with the 
targeting polynucleotides are introduced into the target cell, preferably eukaryotic target cells. In this 
20 embodiment, it may be desirable to bind (generally non-covalently) a nuclear localization signal to the 
targeting polynucleotides to facilitate localization of the complexes in the nucleus. See for example 
Kido et al. t Exper. Cell Res. 198:107-1 14 (1992), hereby expressly incorporated by reference. 

Similarly, in some embodiments, for some screens, preferred eukaryotic cells are embryonic stem 
25 cells (ES cells) and fertilized zygotes are preferred. In a preferred embodiment, embryonal stem cells 
are used. Murine ES cells, such as AB-1 line grown on mitotically inactive SNL76/7 cell feeder layers 
(McMahon and Bradley, Cell 62: 1073-1085 (1990)) essentially as described (Robertson, E.J. (1987) 
in Teratocarcinomas and Embryonic Stem Cells: A Practical Approach. E.J. Robertson, ed. (oxford: 
IRL Press), p. 71-112) may be used for homologous gene targeting. Other suitable ES lines include, 
30 but are not limited to, the E14 line (Hooper et al. (1987) Nature 326: 292-295), the D3 line 

(Doetschman et al. (1985) J. Embryol. Exp. Morph. 87: 21-45), and the CCE line (Robertson et al. 
(1986) Nature 323: 445-448). The success of generating a mouse line from ES cells bearing a 
specific targeted mutation depends on the pluripotence of the ES cells (i.e., their ability, once injected 
into a host blastocyst, to participate in embryogenesis and contribute to the germ cells of the resulting 
35 animal). 

The pluripotence of any given ES cell line can vary with time in culture and the care with which it has 
been handled. The only definitive assay for pluripotence is to determine whether the specific 
population of ES cells to be used for targeting can give rise to chimeras capable of germline 
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inflammatory tissue injury; wound healing; cell ruffling; cell adhesion; drug induced redistribution of 
target protein; immunoassays for diagnostics and the emerging field of proteomics.; cell sorting; 
phenotypic screening of cells and animals; phenotyping small molecule drug inhibitors; biovalidation of 
drug targets in transgenic recombinant cell and animal phenotypes; single and multiple nucleotide 
5 polymorphisms diagnostics; loss of heterozygosity (loh) and other chromosomal aberration 
diagnostics; in situ gene targeting (hybridization) in cells, tissues, and animals; in situ gene 
recombination in cells and animals; and gene delivery and therapy. See Keller, Current Opin. In Cell 
Biol. 7:862 (1995); Hsin et al. f Nature 399(6743):362 (1999); Giuliano et al. t Tibtech 16:135 (1998); 
Conway et al., J. Biomolecular Screening 4:75 (1999); Giulano et al., J. Biomolecular Screening 2:249 

10 (1997); Forrester etal., Genetics 148:151 (1998); Reiteretal., Genes Dev. 13:2983 (1999); Carmeliet 
et al., Nature 380:435 (1996); Ferrara et al, Nature 380:439 (1996); Hidaka et al.. Genetics 96:7370 
(1999); DeWeese etal., Medical Sci. 95:11915 (1998); Aszterbaum et al.. Nature Med. 5:1285 (1999); 
Abuin et al.. Mol. Cell. Biol. 20:149 (2000); de Wind et al., Nature Genetics 23:359 (1999); Gailani et 
al. f Nature Genet. 14:78 (1996); Tanzi et al. t Neurobiol. Dis. 3:159 (1996); Jensen et al., 

1 5 Artheroscierosis 120:57 (1996); Lipkin et al. t Nature Genetics 24:27 (2000); Chen et al., Genes Dev. 
1 1:2958 (1997) and Brown et al.. Genes Dev. 1 1 :2972 (1997); and and U.S. Patent Nos. 5,989,835 
and 6,027,877. 

In a preferred embodiment, the compositions and methods of the invention can be used in screening 
20 variant target sequences in the presence of candidate agents. By "candidate bioactive agent" or 
"candidate drugs" or grammatical equivalents herein is meant any molecule, e.g. proteins (which 
herein includes proteins, polypeptides, and peptides), small organic or inorganic molecules, 
polysaccharides, polynucleotides, etc. which are to be tested against a particular target. Candidate 
agents encompass numerous chemical classes. In a preferred embodiment, the candidate agents are 
25 organic molecules, particularly small organic molecules, comprising functional groups necessary for 
structural interaction with proteins, particularly hydrogen bonding, and typically include at least an 
amine, carbonyl, hydroxyl or carboxyl group, preferably at least two of the functional chemical groups. 
The candidate agents can interact with nucleic acids to prevent gene expression. The candidate 
agents often comprise cyclical carbon or heterocyclic structures and/or aromatic or polyaromatic 
30 structures substituted with one or more chemical functional groups. 

Candidate agents are obtained from a wide variety of sources, as will be appreciated by those in the 
art. including libraries of synthetic or natural compounds. As will be appreciated by those in the art, 
the present invention provides a rapid and easy method for screening any library of candidate agents, 
35 including the wide variety of known combinatorial chemistry-type libraries. 

In a preferred embodiment, candidate agents are synthetic compounds. Any number of techniques 
are available for the random and directed synthesis of a wide variety of organic compounds and 
biomolecules. including expression of randomized oligonucleotides. See for example WO 94/24314. 
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fragments of naturally occuring proteins. Thus, for example, cellular extracts containing proteins, or 
random or directed digests of proteinaceous cellular extracts, may be attached to beads as is more 
fully described below. In this way libraries of procaryotic and eucaryotic proteins may be made for 
screening against any number of targets. Particularly preferred in this embodiment are libraries of 
5 bacterial, fungal, viral, and mammalian proteins, with the latter being preferred, and human proteins 
being especially-preferred. 

As will be appreciated by those in the art, it is possible to screen more than one type of candidate 
agent at a time. Thus, the library of candidate agents used in any particular assay may include only 
1 0 one type of agent {i.e. peptides), or multiple types (peptides and organic agents). 

The candidate agents are added to the screens under reaction conditions that favor agent-target 
interactions. Generally, this will be physiological conditions. Incubations may be performed at any 
temperature which facilitates optimal activity, typically between 4 and 40*C. Incubation periods are 
15 selected for optimum activity, but may also be optimized to facilitate rapid high through put screening. 
Excess reagent is generally removed or washed away. 

A variety of other reagents may be included in the assays, or other methods of the invention. These 
include reagents like salts, neutral proteins, e.g. albumin, detergents, etc which may be used to 
20 facilitate optimal protein-protein binding and/or reduce non-specific or background interactions. Also 
reagents that otherwise improve the efficiency of the assay, such as protease inhibitors, nuclease 
inhibitors, anti-microbial agents, etc., may be used. The mixture of components may be added in any 
order that provides for the requisite binding. 

25 In addition, the cloning reactions outlined herein can be done on a solid support. Thus, as is known in 
the art, there are a wide variety of different types of nucleic acid arrays on solid supports (frequently 
referred to in the art as "gene chips", "biochips", "probe arrays", microbead flow cells etc.). These 
comprise nucleic acids attached to a solid support in a variety of ways, including covaient and non- 
covalent attachments. By adding recombinases to gene chips, the probes on the surface become a 

30 first targeting polynucleotide as outlined herein. Optionally, one or more of the second targeting 

polynucleotides may be added to the reaction mixture; that is, this can be done in a highly parallel way 
by including the substantially complementary strands to the probes on the surface. However, as 
outlined herein, single D-Ioops are stable as well, so this may not be required. Then, by adding a 
cDNA library to the chip, as is done above for the single reactions, the target sequences hybridize to 

35 the probes. Washing the unhybridized nucleic acids away, followed by elution, amplification if required 
and sequencing of the targets allows the simultaneous cloning of a number of genes simultaneously. 
In this embodiment, a separation moiety may not be required. 

Thus, it should be noted that the entire or any part of the gene cloning reactions, can occur in solution, 
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Chemically derivatized particles, plates, tubes, magnetic particle, or other solid phase matrix with 
specificity to the iigand or recognition groups on the DNA probe or recombinase protein or peptide are 
used to isolate the targeted DNA hybrids. The binding surfaces of microplates, tubes or any solid 
phase matrices include non-polar surfaces, highly polar surfaces, modified dextran coating to promote 
covalent binding, antibody coating, affinity media to bind fusion proteins or peptides, surface-fixed 
proteins such as recombinant protein A or G, nucleotide resins or coatings, and other affinity matrix 
are useful in this invention to capture the targeted DNA hybrids. 

Platforms for multi-well plates, multi-tubes, minitubes, deep-well plates, microfuge tubes, cryovials, 
square well plates, filters, chips, optic fibers, beads, and other solid-phase matrices or platform with 
various volumes are accommodated on an upgradable modular platform for additional capacity. This 
modular platform includes a variable speed orbital shaker, electroporator, and multi-position work 
decks for source samples, sample and reagent dilution, assay plates, sample and reagent reservoirs, 
pipette tips, and an active wash station. 

Thermocycler and thermoregulating system for stabilizing the temperature of the heat exchangers 
such as controlled blocks or platforms to provide accurate temperature control of incubating samples 
from 4°C to 100°C. 

Interchangeable pipet heads (single or multi-channel ) with single or multiple magnetic probes, affinity 
probes, or pipetters robotically manipulate the liquid, particles, cells, and organisms. Multi-well or 
multi-tube magnetic separators or platforms manipulate liquid, particles, cells, and organisms in single 
or multiple sample formats. 

Plate readers provide fluorescent, ultraviolet and visible spectrophotometric detection with single and 
dual wavelength endpoint and kinetics capability for sample analysis on the workstation. CCD 
cameras allow monitoring of cell, tissue, and organism growth and phenotypic expression. 

These instruments fit in a sterile laminar flow or fume hood, or are enclosed, self-contained systems, 
for cell culture growth and transformation in multi-well plates or tubes and for hazardous operations. 
Automated transformation of cells and automated colony pickers will facilitate rapid screening of 
desired clones. 

Flow cytometry formats for individual capture of magnetic and other beads, particles, cells, and 
organisms. 

The flexible hardware and software allow instrument adaptability for multiple applications. The 
software program modules allow creation, modification, and running of methods. The system 
diagnostic modules allow instrument alignment, correct connections, and motor operations. The 
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Primers used to generate 318 bp biotinylated HPrt k , 
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desired pHPRT plasmids after targeting, capture, washing, elution, and transformation of the selected 
sample. Thus, only relatively few colonies need to be analyzed to identify the desired clone. 

B. Isolation of Rad51C clones from complex DNA libraries 
5 Rad51C was cloned from a complex mixture of human cDNAs in recombinase-mediated targeting and 
capture reactions. The targeting reactions were performed either manually or robotically using the 
human liver cDNA library or human testis cDNA library. 

Sequence of Rad51 C probe: 
10 GTGAGTTTCCCGCTGTCTCCAGCGGTGCGGGTGAAGCTGGTGTCTGCGGGGTTCCAGACTGCT 
GAGGAACTCCTAGAGGTGAAACCCTCCGAGCTTAGCAAAGAAGTGGGGATATCTAAAGCAGAAG 
CCTTAGAAACTCTGCAAATTATCAGAAGAGAATGTCTCACAAATAAACCAAGATATGCTGGTACAT 
CTGAGTCACACAAGAAGTGTACAGCACTGGAACTTCTTGAGCAGGAGCATACCCAGGGCTTCAT 
AATCACCTTC 

15 



Table 2. 





Manual Captures (%) 


Automated Captures (%) 


First Round Capture of Rad51 C 
clones 


0.1 


0.07 


Second Round Capture of 
Rad51C clones 


54 


5 



Primers used to generate 267 bp biotinylated human Rad51C probe for Rad51C cDNA clone 
isolations 

25 Rad51 C-F59 5' GTG AGT TTC CCG CTG TCT CC 3' 

Rad51 C-R325 5* GAA GGT GAT TAT GAA GCC CTG G 3' 

The efficiency of automated DNA targeting and capture of clones from complex DNA libraries is 
similar to the manual rates of cDNA clone isolation. With two rounds of gene targeting and capture, 
30 the desired clones are rapidly screened by PCR. 

Example 3: Gene Family and Inter-Species Cloning 

A. Mouse Actin Gene Family cDNA cloning using a Human Peta Actin Probe 

35 

The recombinase-mediated targeting and clone isolation technology was used to isolate multiple 
sequence variants of the mouse actin gene family using a DNA probe containing the human 3-actin 
sequence. 

40 Sequence of 512 base pair human beta actin probe used in RecA protein-mediated mouse cDNA 
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Four mouse actin gene family members were isolated from the mouse embryo cDNA library using a 
human fi-actin probe in RecA protein-mediated targeting reactions. The nucleotide sequence 
variation between the human fS-actin probe and the mouse* actin cDNAs ranged from 9-17%. The 
heterologies between the full length H-actin human actin cDNA and the mouse actin cDNAs were 
5 between 9-17%. 

B. Cross species cloning of Mouse Rad51A using a Human Rad51 A probe 

The human Rad51 A probe was used to target and capture the mouse Rad51 A cDNA from a complex 
mouse embryo cDNA library. The nucleotide sequence variation (heterology) between human 
10 Rad51A and mouse Rad51A is 10%. 

Sequence ID#3. Sequence of human Rad51 A biotinylated probe used to capture mouse Rad51A 
cDNA from mouse embryo cDNA library 

ATTGACACTGAGGGTACCTTTAGGCCAGAACGGCTGCTGGCAGTGGCTGAGAGGTATGGTCTCT 
15 CTGGCAGTGATGTCCTGGATAATGTAGCATATGCTCGAGCGTTCAACACAGACCACCAGACCCA 
GCTCCTTTATCAAGCATCAGCCATGATGGTAGAATCTAGGTATGCACTGCTTATTGTAGACAGTG 
CCACCGCCCTTTACAGAACAGACTACTCGGGTCGAGGTGAGCTTTCAGCCAGGCAGATGCACTT 
GGCCAGGTTTCTGCGGATGCTTCTGCGACTCGCTGATGAGTTTGGTGTAGCAGTGGTAATCACT 
AATCAGGTG 

20 

Primers used to synthesize 329 bp biotinylated human Rad51 A probe 
Rad51 A-F689 5' ATT GAG ACT GAG GGT ACC TTT AGG 3* 
Rad51 A-R1017 5' CAC CTG ATT AGT GAT TAC C 3' 

25 After recombinase-mediated targeting, clone capture, and DNA transformation into bacterial cells, the 
resulting colonies were screened by PCR, colony hybridization to filters, and DNA sequencing to 
identify the Rad51 A clones. Colony hybridization involved the transferof the colonies from the plates 
to Hybond filters, denaturation of theDNA, neutralization of the filters, and hybridization of a 
radiolabeled or biotinylated ssDNA probe to the positive clones. The desired clones were picked and 

30 cultured for DNA purification and sequencing.The recombinase-mediated targeting and capture is a 
powerful method toisolate interspecies DNA clones. The mouse Rad51 A cDNA was cloned usinga 
probe containing the human Rad51 A sequence in RecA protein-mediated targeting and capture 
reactions. 

35 Example 4: Gene cloning by amplification of DNA on solid matrices, e.g. beads, chips, plates Rare or 
limited nucleic acids have been amplified by transformation of the captured DNA into bacterial cells. 
As an alternative to amplifying in biological hosts, nucleic acids can be immobilized onto beads, chips, 
plates, optical fibers, or other solid supports and can be cloned by PCR or other duplication methods 
to potentially generate 104-108 copies of each cDNA clone or genomic fragment. Multiple sequence 
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variants (gene families, polymorphic genomic fragments, etc. ) can be amplified in parallel on solid 
matrices and can be separated by fluorescent sorting methods, microarray matrices, etc and can be 
sequenced. Differentially expressed genes can be compared within one library or the expression of 
particular genes can be compared between libraries. Gene cloning and amplification will allow the 
identification of rarely expressed genes and the elucidation of single-nucleotide polymorphisms (SNP)- 
bearing fragments that are differentially represented from two populations of individuals. Additional 
applications include gene amplification (cloning); mutagenesis, modifications (mutations, gene 
duplications, gene conversion, etc), and evolution of genes; Isolation of gene families, gene orthologs, 
and paralogs; Differential gene expression; single and multiple nucleotide polymorphisms (genetic 
variation); genotyping and haplotyping; multigenic trait analysis and inference, allelic frequency; 
Association of alleles; Association of haplotypes with phenotypes (find trait-associated genes and trait 
associated polymorphisms); Identification of disease-associated alleles and polymorphisms; Linkage 
mapping and disequilibrium, Loss of heterozygosity (LOH) and other chromosomal aberration 
diagnostics; Single nucleotide polymorphism (SNP) validation; nucleic acid library production, 
subtraction and normalization; gene mapping; gene segregation analysis. 

Gene isolation and nucleic acid cloning on the solid matrix 

DNAs that have been isolated on solid supports such as beads, chips, filters and other supports in 
recombinase-mediated targeting reactions can be cloned (amplified) on/from the support. Nucleic 
acid probes that are immobilized on a solid matrix (beads, chips, filters, etc.). can be used to hybridize 
to specific target cDNA clones or genomic DNA fragments from simple or complex mixtures (libraries) 
of nucleic acids. To clone the desired target molecule, the cDNA or genomic DNA fragment is 
amplified directly on the solid support or is cleaved from the support and then amplified by PCR or 
other amplification methods. Recombinase-mediated hybridization increases the specificity and 
sensitivity of capture and amplification on beads. 

Gene cloning and expression profiling. 

The genomic DNA fragment encoding a desired differentially expressed gene can be isolated and 
cloned. Nucleic acids probes (oligonucleotides, PCR fragments) are first attached to solid matrices 
(beads, chips, filters, etc), coated with recombinase protein, and are used to capture target cDNAs 
from libraries. The expression levels of the cDNAs will be determined in two or more populations (of 
cells, tissues, etc). For example, to capture genomic DNA of a differentially expressed gene, the 
desired cDNA of an overexpressed or underexpressed gene that was captured on the solid matrix is 
coated with recombinase and is used as the probe to capture the genomic DNA fragment from a 
library (genomic, cell or tissue extract, etc). The desired genomic DNA is amplified on the solid matrix 
or is first cleaved from the matrix and then amplified. 

Gene cloning and identification of DNA sequence polymorphisms 

Related genes can be isolated using recombinase-mediated gene targeting and capture on solid 



54 



WO 00/56872 



PCT/US00/07626 



supports. Libraries of nucleic acid molecules that contain polymorphic fragments specific to each 
population that is analyzed can be obtained. The sequence of each nucleic acid on the solid support 
can be determined and single and multiple polymorphisms can be identified. 

5 Gene cloning and drug screening 

The desired cDNA or genomic fragment or other nucleic acid can be isolated on solid supports as 
described above using recombinase-mediated gene targeting. The In vitro transcription of the cDNA 
or gene can be performed on the solid matrix. In addition, in vitro translation of the resulting mRNA to 
protein can be performed on the solid matrix. The protein products derived from in in vitro 
1 0 transcription and translation can be used directly in compound and drug screening assays. 

Gene cloning, protein binding, and DNA modification 

Proteins that bind to the cloned DNA sequences can be identified and isolated. The desired cDNA or 
genomic fragment or other nucleic acid will be isolated on solid supports as described above using 
1 5 recombinase-mediated gene targeting. Cell extracts can be added to the solid supports that contain 
the cloned ONAs and the proteins that bind to the DNA can be identified and isolated. Alternatively, to 
modify (alkylate, nick, break, digest, etc) the cloned DNA, specific proteins can be used to modify the 
desired sequence. 

20 Example 5 

Examples of Biovalidation of Gene Targets by Phenotypic Screening 

To generate mutant substrates for high throughput phenotyping, exact or degenerate EHR probes are 
used to generate a library of transgenic ceils or organisms with single or multigene knockouts, 
corrections, or insertion of single nucleotide polymorphisms (SNPs) in organisms (such as zebrafish 

25 and C.elegans), totipotent cells (such as embryonic stem [ES] cells), proliferative primary cells (such 
as keratinocytes or fibroblasts), and transformed eel! lines (such as CHO, COS , MDCK, and 293 
cells). ES cells can be further differentiated into embryoid bodies, primitive tissue aggregates of 
differentiated cell types of all germinal origins, and keratinocytes can be induced to stratify and 
differentiate into epidermal tissue. DNA is delivered to cells using standard methods including 

30 lipofection, electroporation, microinjection, etc. mutagenized cells, tissues and organisms can be used 
for phenotypic and drug screening for validation of gene targets (see below). The high-throughput 
platform is designed to biovalidate gene targets by screening chemical or biological libraries that 
enhance or cause reversion of the phenotype. The high-throughput EHR phenotypic screening 
technology allows genetic profiling of compound libraries, selection of new drug leads, and 

35 identification and prioritization of new drug targets. 

A. Biovalidation of aging targets in organisms and cells 

There are germline signals that act by modulating the activity of insulin/IGF-1 (insulin-like growth factor) 
pathway that are known to regulate the aging of C. elegans. It has been established that the insulin/IGF-1 - 
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receptor homologue, DAF-2, plays a role in signaling the animars rate of aging since mutants with 
reduced activity of the protein have been shown to live twice as long as normal C. elegans. EHR 
introduces additional mutations into DAF-2. and identifies and/or isolate additional DAF-2 family members 
using a degenerate HMT. consisting of a recombinase-coated complementary single-stranded DNA 
consensus sequence. These experiments only extended to clone interspecific DAF-2 homologues, 
including zebrafish. mouse, and human. EHR used to disrupt DAF in zebrafish. and its effect on the 
aging process is assessed in the whole organism by screening for organisms with an extended lifespan. 
The same procedure modifies mouse or human DAF in primary cells, including keratinocytes or 
fibroblasts, and the proliferative capacity of cells is ascertained. Specific related genes are disrupted 
using EHR. or degenerate HMT probes are directly introduced into cells and animals to modify DAF-2- 
related genes, and aberrant phenotypes are analyzed. 

EHR is also be used to generate Green Florescent protein (GFP) DAF-2 wild-type (WT) and mutant 
chimeras, and the subcellular localization of the proteins are determined. The genes of interest are 
biovalidated by screening for drugs that enhance or cause revert of the altered phenotype. 

Biovalidation of neuronal targets in organisms 

To understand the mechanisms that guide migrating cells, the embryonic migrations of the C. elegans 
canal-associated neurons (CANs) are analyzed. The ceh-10 gene specifies the fate of canal- 
associated neurons (CAN) in C. elegans. Mutations that reduce ceh-10 function result in animals with 
withered tails (Wit) which have CANs that are partially defective in their migrations. Mutations that 
eliminate ceh-10 function result in animals that die as clear larvae (Clr) who have CANs that fail to 
migrate or express CEH-23. a CAN differentiation marker. EHR technology is used to clone related 
genes using degenerate probes, and ablate or modify their function in C. elegans. EHR is used to 
isolate zebrafish ceh-10. and moderate to severe mutations of the protein is introduced into the 
organism to determine recombinants having a similar phenotype to Wit or Clr. 

C: Biovalidation of cardiovascular development targets in organisms, tissues, and cells 
Gata5 is an essential regulator in controlling the growth, morphogenesis, and differentiation of the 
heart and endoderm in zebrafish. Gata5 is a master switch that induces embryonic stem cells to 
become heart cells. From loss- and gain-of function experiments, the zinc finger transcription factor 
Gata5 has been shown to be required for the production of normal numbers of developing myocardial 
precursors and the expression of normal levels of several myocardial genes in zebra fish. EHR is to 
clone related Gata5 family members (zebrafish. mouse and human), and is used to introduce 
additional mutations in GataS and its homologues in zebrafish. EHR is used to ablate or modify Gata5 
function in mouse embryonic stem (ES) cells, which differentiate into embryoid bodies (EBs). ES cells 
are plated into duplicate wells to undergo differentiation into EBs. and one set are prescreened using 
immunofloresence with antibodies to terminally differentiated gene products to eliminate EBs which 
undergo normal differentiation. EBs defective in terminal differentiation are disaggregated, replated. 
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and cell sorted to score for cardiac cell populations to determine the effect of the targeted mutation on 
the differentiation process. Gene expression profiles are determined using microarrays, DNA chips, or 
related technologies. Cultured mutant EBs are used for drug screening. Additionally, with human 
embryonic stem cells, the same set of experiments can be repeated to determine if GataS plays a 
5 similar role in human tissue, and these and the mouse cultured mutant EBs can be used for drug 
screening. 

D: Biovalidation of Vascular and Hematopoietic Targets in cells and tissues - Heterozygous mutations 
Disruption of gene function from a single allele is adequate to cause a phenotype in cells for a subset 

1 0 of genes with tightly regulated abundance. In examples D-F, disruption of a single allele results in a 
screenable phenotype. Disruption of a single allele of either VEGF or GATA-1 in embryonic stem cells 
(ES cells) results in an easily identifiable phenotype upon differentiation of targeted cells into embryoid 
bodies (EBs) of lymphoid and endothelial origins (Keller and Orkin reviews). Degenerate homologous 
probes are utilized to identify other novel, related genes which function in a common pathway, and 

1 5 EHR is used to ablate or modify gene function. ES cells is differentiated into cells of lymphoid and 
endothelial origin, and screened in a similar manner to that of Gata5 mutants. 

E: Biovalidation of DNA Repair Targets 

Disruption of a single allele of the mismatch repair gene, Msh2 t in ES cells results in defective 
20 response to oxidative stress induced by low^levei radiation [PNAS 1 998 95(20) 1 191 5-20]. These 
cells have an increased survival in response to radiation through a failure to undergo apoptosis. 
Related genes are obtained using EHR with degenerate probes, and gene function is ablated or 
modified to screen for novel family members that also have the same defective response to oxidatitve 
stress. This is assessed by screening for survival of cells with damaged DNA resulting from apoptotic 
25 changes. In addition, EHR is used to disrupt Msh2 in both undifferentiated or stratified keratinocytes 
in order to mismatch repair operating through a common pathway in both cell types. 

F: Disruption of a single allele of the human tumor suppressor gene, Patched (Ptch), [Nature Medicine 
Nov. 1999 Volume 5, #11 pp. 1285-1291] results in a predisposition to basal cell carcinoma, the most 
30 prevalent form of cancer in humans, in mouse skin exposed to ultraviolet (UV) and ionizing radiation. 
EHR is used to disrupt Ptch and other genes in the hedgehog signaling pathway in cells (including 
human or mouse keratinocytes and fibroblasts). Both undifferentiated and differentiated cells are 
screened for changes induced by U V and ionizing radiation to determine that the phenotype of the 
whole organism is recapitulated. 

35 

G: Biovalidation of DNA Repair Targets in cells - homozygous and multiple mutations 
Some genes require disruption of multiple alleles in order to obtain a screenable phenotype, and in 
these instances we utilize cells with single or multiply disrupted alleles to perform mutagenesis using 
exact and/or degenerate EHR probes to determine other key players on a common pathway. We can 
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A high-throughput screen of hGR translocation has distinct advantages over in vitro ligand-receptor 
binding assays because other parameters can be screened in parallel such as the function of other 
receptors, targets, or other cellular processes. Indicator cells, such as HeLa cells, are transiently 
transfected with a plasmid encoding GFP-hGR chimeric protein and the translocation of GFP-hGR into 
the nucleus is visualized. 

EHR is used to introduce mutations into hGR to block signaling in normal and cancer cells and cells 
with aberrant ligand-receptor translocation are screened. The hGR gene is biovalidated by screening 
for drugs that enhance or revert the altered phenotype. 
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CLAIMS 

We claim: 



5 1 . A method of cloning a target nucleic acid comprising: 

a) providing an enhanced homologous recombination (EHR) composition comprising- 
0 a recombinase; a ' 
i.) a first and a second targeting polynucleotide, wherein said first 
polynucleotide comprises a fragment of said target nucleic acid and is 
substantially complementary to said second target polynucleotide; 
and In) a separation moiety; 
b) contacting said EHR composite with a target library under conditions wherein said 
targetmg polynudeotides can hybridize to said target nucleic acid- and 

2- The method according to claim 1 wherein said target nucleic acid is a target gene. 

4. The method according to Cairn 1 wherein said target nucleic acid is a regulatory sequ enc e . 

5. The method according to claim 1 further comprising: 

d) making a library of nudeic acid variants of said target nucleic acid- 

e) .ntroducing said Hbrary of nudeic acid variants into a target library;' and 
0 performmg phenotypic screening on said cellular library. 

6. The method according to claim 1 wherein a » i<^f ~ * . 

steps are done using a robotic system * * ^ """^ ™* 

7. The method according to claim 1 further comprising- 

d) making a plurality of cells comprising a mutant target nudeic acid; 

e) adding a l.brary of candidate agents to said plurality 

0 determining the effect of said candidate agents on said ceHs; and 
9)determ,n,n g the effect of said candidate agent on said gene product, 

8. The method according to claim 7 wherein at le a <;t ftno 

steps are done using a robotic system. m3kin9 ' adding ' and **™Mn B 
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9. The method according to claim 7 wherein said mutant target nucleic acid is a gene sequence 
knock-out or a gene sequence knock-in. 

10. The method according to claim 7 wherein said mutant target nucleic acid comprises an insertion, 
5 substitution, deletion or combinations thereof. 

1 1 . The method according to claim 1 , wherein said robotic system comprises a computer workstation 
comprising a microprocessor programmed to manipulate a device selected from the group consisting 
of a thermocycler, a multichannel pipettor, a sample handler, a plate handler, a gel loading system, an 

10 automated transformation system, a gene sequencer, a colony picker, a bead picker, a cell sorter, an 
incubator, a light microscope, a fluorescence microscope, a spectrofluorimeter, a spectrophotometer, 
a luminometer a CCD camera and combinations thereof. 

13. A method of high throughput integrated genomics comprising: 

15 a) providing a plurality of enhanced homologous recombination (EHR) compositions, 

wherein each composition comprises: 

i) a recombinase; 

ii) a first and a second targeting polynucleotide, wherein said first 
polynucleotide comprises a fragment of said target nucleic acid and is 

20 substantially complementary to said second target polynucleotide; 

and iii) a separation moiety; 
b) contacting said EHR compositions with one or more nucleic acid sample(s) under 
conditions wherein said targeting polynucleotides hybridize to one or more target 
nucleic acid member(s) of said one or more libraries; and c) isolating said target nucleic acid(s); 
25 wherein said providing and contacting are done using a robotic system. 

14. The method according to claim 13 wherein said target nucleic acid is a target gene. 

15. The method according to claim 14 wherein said target nucleic acid is a portion of said target gene. 

30 

16. The method according to claim 13 wherein said target nucleic acid is a regulatory sequence. 

17. The method according to claim 13 wherein said isolated target nucleic acids comprise single- 
nucleotide polymorphisms, a gene family, a haplotype. 

35 

18. The method of claim 13 wherein said nucleic acid sample(s) are selected from the group 
consisting of a cDNA library, genomic DNA library, genomic DNA samples, and combinations thereof. 

19. The method of claim 18 wherein said genomic DNA samples are from one or more organisms or 
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patients. 

20. The method according to claim 13 further comprising: 

d) making a library of nucleic acid variants of said target nucleic add; 

e) introducing said library of nucleic acid variants into a cellular library; and 

f) performing phenotypic screening on said cellular library. 

21. The method according to claim 20 wherein at least one of said making, introducing and 
performing steps are done using a robotic system. 

22. The method according to claim 13 further comprising: 

d) making a plurality of cells comprising a mutant target nucleic acid; 

e) adding a library of candidate agents to said plurality; and 

0 determining the effect of said candidate agents on said cells. 

st ps T areT o r * *** * ^ * "* °' — and 

steps are done using a robotic system. 

T r h ° d aCCOrdin9 10 C ' aim 22 Wh6rein S3id mUtant tar96t nUC,eic acid is * Bene sequence 
knock-out or a gene sequence knock-in. sequence 

25^ The method according to claim 22 wherein said mutant target nucleic acid comprises an insertion 
substitution, deletion or combinations thereof. ornpnses an inserbon. 

26. The method of claim 13 further comprising; 

d) introducing said target nucleic acid(s) into one or more ce.l(s). wherein said 
introducing is done using a robotic system. 

27. The method of claim 26 further comprising; 

e) expressing said target nucleic acid(s>. wherein said expressing is done using a 
robotic system. a 



28. The method of claim 27 further comprising- 

T" 5 '' em60ra(s) ' < " ^a '" s " ,(s, ha * 9 an *"*■» »— <* 
***** ^ „,„,„ expressea ^ nuolelc add wherein saw 

done using a robotic system. 



2* The acco*,„ g l0 c, aim „. ^ er sequence ^ ^ ^ 
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30. The method according to claim 27, further comprising mapping said expressed target nucleic 
acid. 

31. The method according to claim 27, wherein said altered phenotype comprises altered expression 
of a cellular gene. 

5 

32. The method of claim 28 further comprising; 

g) contacting said cell(s) having an altered phenotype with a library of candidate 
bioactive.agents, wherein said contacting is done using a robotic system. 

10 33. The method of claim 32 further comprising; 

h) identifying a bioactive agent that modulates an activity of the expressed target 
nucleic acid, wherein said identifying is done using a robotic system. 

34. The method of claim 13, 21 , 23, 26, 27, 28, 32 or 33 wherein said robotic system comprises a 

15 computer workstation comprising a microprocessor programmed to manipulate a device selected from 
the group consisting of a thermocycier, a multichannel pipettor, a sample handler, a plate handler, a 
gel loading system, a gene sequencer, an automated transformation system, a colony picker, a bead 
picker, a cell sorter, an incubator, a light microscope, a fluorescence microscope, a spectrofluorimeter, 
a spectrophotometer, a luminometer a CCD camera and combinations thereof. 

20 

35. A robotic system comprising: 

a) means for producing a plurality of enhanced homologous recombination compositions. 

36. The system of claim 35 further comprising: 

25 b) means for contacting said compositions with a cellular library under conditions 

wherein said compositions hybridize to one or more target nucleic acid members of 
said library. 

37. The system of claim 36 further comprising: 

30 c) means for isolating said target nucleic acid(s). 

38. The system of claim 37 further comprising a means for producing a library of mutant target 
nucleic acid(s). 

35 39. The system of claim 37 further comprising a means for nucleotide sequencing said target nucleic 
acid(s). 

40. The system of Claim 37 further comprising a means for determining the haplotype of said target 
nucleic acid. 
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41. The system of claim 40 further comprising: 

d) means for introducing said target nucleic acid(s) into host cells. 

42. The system of claim 41 further comprising: 

e) means for expressing said target nucleic acid(s) in said cells. 

43. The system of claim 42 further comprising: 

0 means for identifying one or more ce..(s, having an a,tered phenotype induced by a 
biolog.cal activity of said expressed target nucleic acid(s). 

44. The system of claim 43 further comprising: 

g) means for contacting said ce«l(s) with a library of candidate bicactive agents. 

45. The system of claim 44 further comprising: 

h) means for identifying one or more bioactive agent(s) that modulate a bio.ogica. 
activity of said expressed target nucleic acid(s). 
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Figure 1 . Schematic of the robotic workstation deck. 
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Robotic Arm 

Plate handler for positioning of microplates 

Automated lid handler to remove and replace lids for wells on non-cross contamination 
plates (NCC) 
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Computer control system: Pentium H processor, 300 MHz, 4 GB HD, 32 MB memory, IT 
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inventions in this international application, as follows: 

1. Claims: 1-34 

A method of cloning a target nucleic acid comprising: 

(a) providing an enhanced homologous recombination (EHR) 
comprising: 

(i) a recombinase 

(ii) a first and a second targeting polynucleotide, 
wherein said first polynucleotide comprises a 
fragment of said target nucleic acid and is 
substantially complementary to said second 
targeting polynucleotide, and 

(iii) a separation moiety; 

(b) contacting said EHR composition with a target library 
under conditions wherein said targeting polynucleotides 
can hybridize to said target nucleic acid; and 

(c) isolating said target nucleic acid; 

WHEREIN said providing and contacting are done using a 
robotic system. 

A corresponding method of high throughput integrated 
genomics. 



2. Claims: 35-46 

A robotic system comprising means for producing a plurality 
of enhanced homologous recombination compositions. 
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Continuation of Box 1.2 

Claims Nos.: 38-45 and partly 46 



Claims 35 refers to a robotic system for producing a plurality of 
enhanced homologous recombinations. The description indicates that the 
system used is based on RoboAmp 4200, a product of MWG Biotech AG, which 
is of course known in prior art. 

Claims 36-45 relate to a multitude of additional devices/means. Support 
within the meaning of Article 6 PCT and/or disclosure within the meaning 
of Article 5 PCT is to be found, however, for only a very small 
proportion of the devices/means claimed. Furthermore, claim 46 relates 
to an extremely large number of possible additional devices/meams: there 
are so many options and possible permutations that a lack of clarity 
(and/or conciseness) within the meaning of Article 6 PCT arises to such 
an extent as to render a meaningful search of the claim impossible. 

In the present case, the claims in question so lack support, clarity 
and/or conciseness, and the application so lacks disclosure, that a 
meaningful search over the whole of the claimed scope is impossible. 
Consequently, the search has been carried out for those parts of the 
claims which appear to be supported and disclosed, namely those elements 
concretely described in the examples (especially example 2) and displayed 
in Fig. 1. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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